/ \' - , 1987 '< - - 



Probing the Active Sites of Monoamine Oxidase A and E with ipt-Diswhstititted 
Tetrahydro'pyridine Substrates and Inaetivators 



Soisya L. Ps 



MA 



of our efforts to 
A and B active s 



e hiih the 



r ta 



of a 



Prnethyi- and hryr ioprepyf 4 aryfd A;A6aetrahyds opyridine derh-at ives with the human 
a )<i i i h i.n j ,! U A > si si r i „ , k, % if i 

! > ! <■! i im a ! it i i t t > \ 1 1 si \ n ! > >3 

si w\ * < u\ t\ i s» h M V) -5 St < > ts <- st n I A -> id > \ s i < i,' s i i 

ah\!St( h i t i > (I % i >S {Js ? SJ ' I'DltMllSI 11 si'ih S S f - , j ? 

i < >t \ > t i li s s 1 h i f.ki Iti^! iktH'O! i < ! 1 S ! 

isiei bihibdei sehvi hides of d iesf two SAwopronans a; id pros id; a be; res dt fn tit ion a! da size 
of the active sites »:>f hie tvva esizyrnes. 



Introduction 

The miieehftft 
monoamine exit 



trabrane bound fl«< 
:,nd h -MAO A a n d MAO W 



aaidaa< 
auivaiy 



orrespondia 
v;t reganitfis 
whirls lead f 



ho" i t i ' h«. \cti 

>1« * f v \i ! t\ J i\ nn < a i ,i - < nhsf safes and 

Inhibitors.*" 8 Understanding those parameters will 

i ia <» t t t f f i » i » i in 

\ - i 'hi design of 

.oh anasahia will I ! s MA< 

8. J «k excellent \ t and/or 8 i t i d » ! i 



lahe 



AA 



'Opy 



Op»0 



Studio 



i the 



zymesd 

} >h\di i t . Adh - . o hh M U > ,d .<> < pn mpted by the 

M < > <a <. t<i st ! to \\ <. 1 p t t 

5 ' o f a id ' < s P 1 and < i of 

0>Kd I s » v < s I I - s > 

\i u i i > variety nidipopaihr C<1 sobsia aents i 
< duftion of 

da A < bondd' increase , the s > da: A- 



a! a: 



.lh dot 



■ the 



s the 



of the (A substituent. tor 
s^arapk d 

favors MAChB by a hater of asraosr 4 <i::i while the 
eoaespaulaw ratio for the oxidation of the 2 isapropvh 
pisooAi ,aiafa: is -a res-; A M\t! \ 

v>inmati(tn<rf a series 
oiiVsihk i tao^e; t i.^na-ufwa-i e A-tioh VPf V 
ra.tk:.- - a t < i \IA \ ( o ata a I t!ky 

li , 1 I » ^ , X Vt.1 \ HP ) 

dai ' ! swn tn -t ( miu ufe 

'd<> si l s \ x i 1 n SO; \ 

S ( U 1,11^111) iiJi'H 1 Ok f i „ i i \ 

!:ht)xy ;: " <« ■l-pheeaxy peaop schMititf^d in d;e a. </.:•• 



N. to uo J. hvodieste 

. i 1 ; ! , t > N 

i)erivetivo 3 ' 



9 f iCOaHfe 



! hi \v ns< in 

phenyl, and nitro gtcajps provide suppox ting evidence 
for the gtt a f \s 1 ; \ A nm> sid 

a t <\ > i a •' t i> 
is. . i i t 'u.i a !< t> ' fa tit. s A s{) t a h .ataes 
itsar v i * \ \ <. i\< 

determimd N v 1 \ aa 

MAO-Be.aa , - i 

tab i pti * <- . i t v i i if I 

i\ a - a * m v i. >\ 5 a J 2 for 

strucutres). The C4-suhstit:ttt.od artaiags irainde the 
3 tndohi * i i ' t t < } n >ni 

,iuy>. .-a iu ri! 'A ( „a .-.pu oa o o.piiii.vi aid 
/aaapialiyi preups r ' in a parade! series we have 
exaaaned SaoA;.,., : a;a; A; vaiuaa he ria> ear responding 
< , v < , av'"i > s i!?s S 

( < ( \ , U 1 lit ,1 1 ( (. 

i iii ? the data generated froa 

i , i i» h s ni i i i a Ki Out 



airiest! AM i e-etiioe) aaa, used to generate the tniaaeu 
«? \ »» .. a< , ae i t s ii.spi *> -atieau MaeMtrn 
(h^tai i i i s < > A t i < i t en< 

the van < > t W ai vah esaf t! t aa m n is Overif 

0 t (ip (ll^'l.A'il- ' HP^n , 1 

the t< >utu oi i i i i s x if - -> 

Results and Discussion 

Synthesis \ . medn; t ^ -t< >ea' A dt tf 
i ft d t j t i 3 s -> si i o u ^ •> h : 



Scheme 2. Syr-thesis of the J-Mthyi- and 1 Cvdoprapyi <J aryf ■ i .2.3,S tetrahy<Jn>pyf Msrse Dertvadves 2t~30 



r 1 ! 

R 

18; ««sycC^% 




R r . 












R 


S 
B 


1 


ft, % 


Ba 










H 


H 


4 


tl 16 


2t 


36 


H f»h 


M 


S 


12 17 


22 


2? 


H H 


Ph 


6 


13 10 


23 


28 


H (CH=CH-<>feCH) 


7 


14 19 


24 


2S 






8 


IS 20 


2S 


30 


H H 


H 








31 


:-i<ii!>i> i-^vS .5.;::;!:.-;;, 


1 1 


••20; :bs h 


vJ «r lithium resjjfflMs is Tf « 
•atetl »»!icc cofhiK to 24 h 


at*i t*te« ws;w? s 


- 



idxsr 



■(9.fi 



h-Oidd 



ioie 



The ; 



• it s u i - i- , < i * {2i 25) 

i c v || to '26 30} 

iijv(>!\{\! <!<.!-; * s , ud >>r bshi 

atftd reagent, derived ftxsm Uk: brsHnoaraxe (4 us 
5 merhs I § ip< idone C9 

fltt < « , * vi 4 ps > ) .i ) s 
it f -> i US ,*0 



•d i 



j>v > - - \ s odi« v We 

\ << < shn c;;--: :■•: <!:■; .i~u: t > ; i; rations ctf 
DMSO . f> „, \m . , ^ , . duffer on the 
\| methvl 



1.3321*3 +1.5985*4x R-V * 0,398 




MAtf P. < * tt«>ti <d iK 

SI 25 

\ (is J >< 5 I ^ v \ " 



>Un> < i. * !' ! 

< dov d from 
! plots. A ty pica! 
<d\-s-, ssiv > h 

i'lKM / i !lhl 

..pvrtditw as: 



ht\ it os S t i< j g 22 



iall ; 



i-A. 



!)apiu5i\'l ■. and 4 ■d-naphtdy: d -r^thy; ■■ i .2.3.6 detrahy ■ 
! s I > > > ( s x< x J } ( jH 



im?, Vol 40. No. K 

















1 


M 




144 


525 


as? 


3.65 


38 


s-» 


H 




iires 




a. to 


3 3 


see 


H 


692 


2SS 


a.3s 


0.43 


34 


JMP*r 


H 




m 


22.0 


o.os 


SS 


H 


s-m 


76 


§46 


&12 


3.50 


38 


H 




NSD * 


933 







■'. a i' (.t. - 



three rases preforesae was found for the A form, La 
M h (if mites* ■ MACM 

iv :^ ! M ! , , n'sv o utphenyi 

mm ; MAO h von { ; ii - (onijHi aid 

i( K = ' 1 ) S O i t < ! s i 



This 



interpreted as a c.es sseqaence of cteru: r-;:-si rirtians wit hist 
she Active she < V \ I c are raa present in the 
active ;hee of MAO-A. J& * ; 

n § i is s - i i In i naplv 

thyi .haafius with res ;< p s J at the fherature 
points out the importance of the enzyme source Par- 
iiasiariy impressive are the differences observed here 
ti» exrreaeh > , ; < > > i 



• fro 



i the 
MAO- 





VrMl,.,^ 




4-Aryt a^dor; 




. f, ■ a; «»l wdmpw id ins; Dm i v;0 i v es 


MAO-A MAO 


«i<stt;<ii .W., . 




v * A- A S M 


2« 


\{\f 










28 O.fo 














OAS 




31 0.20 


am 




MP - O - (. • S(. 


X. si. ■■a,:, . . i-i" 1! ■ 



while rhe A nwthvl aflafog 2c s < 

substrate. The high SC, v e value ior she ohipheayl 
YnH-ihyfo ' \ 

eelet ; sve sMaa .> j , < , tu s of 28. The 4- -sx-naphthyi 
0<f < 1 'ft i , < M 

(>(!•, ! Ms i N !-B whilf da 
AAnethyl aaafecs 24 aad 2a were substrates for both 
!< < ^ i fo t!> 



ad ha 



. hen 



I t is t < v i > , t \nti in 

act)%aros j. \< u x» j (f - , t < > omd<> In 
afho; \<o*J\ v ! ^ f <! 

to iilr!7i< :■'!(■ !>!.<■ !i\ i: >< s'.ia-a the .Vii^eias ts H'pfo' 
by a i¥cyok»ps opy! groiip. 

S'opoSo n S * '>,e>< s s V\ a \ [ results of 
these «oxyoie attaiies ia pert'otsit a topological analysis 
in which we identify features of the active sites <ft 
MAO-Azv.v: \i \> ' a , -yuh 

and 



1 » this and 

iter r-U : : \ a e see::;; s 

\'(» sectf t \ s 2b U> ( h\i 

t I t , i < < < a > i ! 'This 

s a i t < ' man that 

t j , < i i re t J t \ if \ id - MS Ah! - 

isut«ent iaads to \ a goad substrate prop- 



iarges 



idake 



aha 



eyrk-i 
at M. : 



.via; 



! HA 



rhe 



id 4 



yhrr 



H - M s , tors w hieh 

i the pas i < tin st ist! it< m< 

converted ra proriart per haahvation event} for 
tompooiids u jdo ta > ! ii«n«i 

i > ' i«| --it Is i >s ! ! , s t 

In has studv were roee a; id concent) at ion do- 
es a s 1 j < of MAO- A , MAO-B with A :;:it( / 



e sr< 



(Ta 



the i 



of the hiohersvi arenoas 26-28 wshs these enzvaws 
} k« Jti ■> < « <. ) < > s i a s i a 

Far i v ) b > * a s (J i\« ' 

sast it v< ss . t ;s\ su si ate s. v P v n - i !, n< -aa 
it display* < * N ss^n hehavioi thai 



sd e 



1 he t 



ae-gy cesifos 



the 



' -> st < { s < hf ■ i t < a-. < tehta the 

s H'.ttii's ,si i t < < i \s ( tj ! ) ! 

i sah wed es st s s S ■} i t i > .iiten at 

! ;<•)(.( SsA.i j S) ' it '! { oil h 

and MAO-B Tagusa- 2. sight ;a)aei|. Aroiogs chat 



aarw spat 



aha ; 



lalo; 



i 23 r 



i 28, 



a)ie; 



si«re a :u [ aaw •' i.f tii. 
27 exhtbii u i ee -ai Mat ; 
) . • , uj - a si s i f 

MAO-B arrive. l"ia> ;:A>ip: 



iiipiii: 

&:>PC< 



C4 position (comir 
facs hest hydrogen 



ehsie asiaiogs 
Jgion are not 
i 21 and 2S 




/ i - >• ! t ^\ MMKi 

-V*^ #^ \ i }(K(k'C? K ) i <. ;> Alt "e * ' i,! > 

X ,i, .> - ,A> / defining the activity and s 



T 



T —\ 1 8,2 A \. / it i s U \,t<mii\ 

.1 \ " * ' ,N -r MAO \ 

^r"'" ^ "' \" m « , n> , { « » t « <■ -v v \5 i asnij-lii- 

! rnibm j' (i i? m > a / * show 

'' ihat Shot < u < iiitis av-aar»< \n\ 

22 23 Mni>" ' f - a.m hit s 

■el ivl v ™» is s i M:.-\0--A iidii si i ' if t \{v »((5<-'i t! m>\ ^(iif-iuu 

' ' i " ; derivatives. 



ihi < M i a,, « > < , , . - - \ vJmK <K Conclusion 

hi s \ \ s \ t * , 

>f!',<iil '\ ><P«'ai ! (\« MfSj IN' , ' ^' lKlt " i' 

! i< > ^ < f \ ! S i ) t . , ' ' " ' 

,i.\V> (! i }()< X K e, t ) > I I i < < ti ! i ii ] if i! * 

. ' <v v v \ " » \ t t> turn toted tetrahydropyrjdJnes derivatives can be- explain* 



«f hydn: 



s far MM j 



* pretOc 

t , hen m < i i < , , i ft < Minj 
"—•«■■ 'oru;;1 by Eiange ara/a - : -.>:•., 



(i}.pr 



p <- .»! < P i, i, 

|>!»ii d it ><A>>\U x\ !-, six , ' I 



m< ecular field an - >MFA) develo b) est* 
andCanupi or i \ h t - ' i < s< > ydropyndirtt: 
derivatives. More eiaixeaee models of the active sites 
'hi >i s i H t \ i * link ail M N ia ■>} 

k)<>< > i <^ it s i ble I > i ! s wt> ( Lirreui h 

being developed. 



, * ' . Experimental Section 

CIA macuve a soeraax- * 

j tif< s ,i >i ,,\ ( s },:>v.i CaiiiJon: MPTP and ©s.h 

i t \ ^a s > 



Thus, although the 
Ue different electronic and polar rharoc- 
she ,vvi !«\(.t(f i it \ im » a 4 - 
- den the 

ini-iess sk-fioi-d i\iti. r.ht- !.\ciia .a! .mi 



ku.ka pn- ^ha> ^i,. ' 
Ot-net^S ii 



mm 



lift 

ill 



V 



.3 




HP I 



. N;;i 



-rr 



\s of 3-n:«Mii:>\-yphessyi M a: id 



( d s : pt\ !'!'■: < air <::' !:■<' !>e'S.- f> V, 

- t \\n > WOK < < f i X it ! Sj t 

S< ! > v s f I j »t ! S> >m 

Hoove* mt Mi 

B \t> S f tSS 

f>A. (adeaiadons an;; inse-asaaa. \ t mi asfsy" < hi 

S!<)t<\, >■ - U(( 

Martree-Fock SKHF5 approximation, * ^ the Fota-k i t t 

, (bo irt>v s 



MM 



■a Ml! 



9 0 software. 

t Ihinctn ' - s > s ' < . 

UiT^o [3 

?•! i f s . mf< ^ 

;>T ✓ <. { j j 

as their oxalate salts id » HC\ sahs. E\ \ sua- data were 

««*!5M > s> *s i s i tit !J } rtt i< 

* ..•:»•<•.<! Pj in -<!>.' . t.» (In Synthesis »i i MVihvt and 
! ( s<iops<!p\i t.iivl i piper idinolo * d i >:.oE ! > 

<j ,.,,,.< 10} 



t IgtUt !> s 

I >7 2 5 

ttf n i > 

) i M ["I 

kuO s AH 



unsks 



dee 



>\ is <: < < . I • > s< < 

<» ' i I , < l il if <v iv , (ft 

t i a gO:. 

3-Meths M^i-iptienySpIieny S) J pipoeidhitd (i !); 

Sained as a -a-dew aaid de;a MCe a ida CaMd dadd MaOH id' 



Exponential funs 


v x M 


, 1 1 I S M - A ^ 


to recerd cowpHr 


. > < ^ 1 ^ " ' 


" ' k tv 1 'O 

UV iM.?Ofi rsrrs) 2^; 


in p;- ->>\i. M 


s 0 , ^ ! J < - 

: , Staaiaad < > t > , - u) ^ U). Spin 


1-Mtithyt-4 -fS-ptie 


«K(!ti{.-!« ).o> oi 


i: gives* as; a isa-aMM. as u s * m > « > < 


sained as > - ~ . -1 


fetoobtst), s: Stop! 


e0 os m Cssmitisjiof) Cm i - i 


' <1 ' ' \\ > 


are given hs hers 


s It t s is s >< s^t! i Si inniaa- 


(Hi n>i. ?H !7U mK 


ssosi mass ap«'i 


stssns'isv i(A;-'EIMS? was p-xi'ai'iw.i <> 


dt. ./« 2.S Hz,./ - 12,: 


H«wi«tt-Fa ( .karc 


is. i ,i < I , 


H:.;. ./ ::: l ed si/;. >M:s 


column which wi 


t > s ' >-> > 


i • 'iei t \\k- ^ 




v ii s 


i -so m . m : 


initial tivon t*mj 


t » , . > i i il 




■ d< >KM ii.lt 


i , s\>" i - x 1 n - 






renips-'iiti.u-s-: of C fiat a vvosti nrooesssid 


! 0 > ! ' \ 



y S phony 5} • 4 • pi j jo si d s «< -j i ( 1 Z i ■. 



3 Hssn 2,33 Oils). 2.23 (2H.sk,.. /- 
; (t!i. bV 1,73 mi d± ' 2.5 Ha, . 
it M - s - t . ; 
8.4, 38. k Ca i si $ 

y-n -at ! ' > a 

. s M > \ Hi i ' \ 



I M(ithvl-4-{2 -phenyl phenyl)- 4- psperidsnol 0 3): 

s<. <. v V 



rtsromatoanashv to vj«tfd the piuo tetrohvdropvrSdme w? 

iS .S S / - S S , < S ( < i 

i O t > i « is ..i\- Ss'- tt p 

Oxalate v<itt of l«i»ethyl * * • •. {phenyl) 5 t, 
i t<> i<\,<<> 'i ! Hhn< 

> Pi»i* W« 1 S < i< > 



»f < ;62 0225. ox ooo m 56 ;205, to aooo oo mo 
^ v . <. > , o \ 



I •€ v<:ioj»r«pvM--{2- naphtli vIV 4- pi perldinol (20!: ; h-.c 

i « « } X < N 



soxso-x) a 



5 2' 



) i . 



. 02.3 



s .10. 



( IV.fx ■ < * <n- » v . s .> <W5 I 

5 J \I< )!i 

. it Xsi ^ 5 3t- 0 5, s 

Oxalate salt ot 1 me! i I ! . r-nvl henyi) I 2,73 <> 
ieirahvdf ops s tfism ' *• \ . !*-\ i - ( <j 



044 



08 Hb 



:i mo 



0:0 X 



EH. t 



04. : 



0 0.-' 



523.4. 

OXX 



\X\ 8 

, - J ^ - S V N - S 

- - 83 (IS) 155 
7 8? U00}. Oh X25: Xv <8iX>75. 852 228. :XX 

\H. K VO 5 x 

1-Cv<.iopi-OpV^4-{4.phtMTviph<>jiv})-.1-j'3ip^fitlinoJ UtVi: 

. thifUO 

CXXXO50 92.8'; ioXvi: ;:h^ .5 -; vciopropv; -4 44 .^h^DvipiM-ssv-!- 
t Sit 10 <s - « ' J , ' ! <»<<»' ?2% 

vXd): > ! X: X Ox-Sis X4X8 ) 8 7.38 , 7.43 
tt. J «• IM Bt. J - ?.6 Ha). 7M UH. it. J 1.8 Ha. J » ?.4 
! i p. . i r <i . » > 

t>^! «kj » H, M H'- ?i)iU ! > > is 



Oxalate sats. of l-m^hyi-l (2 pfwuyiphenyl)- 1.23,6 
rahydropyridkie f'23); 



00)05 



! . 0 ■* 



, iS7 



5 < H-A ^ ' H,hs»- \MRii 0» if>8 > 

i < s j < t . <f S > Iv , I S 

I 11 i L>< i i < < v < 

tm> 178 U» -lis „ ltl 

\ (Mi 23V. 2T«. \n , <. \ C. H. \ 

Oxalate Salt of 1 Cy«:i«pr«py! tiaphthyl) 1,2.3.6- 

it < u i| j« > 



4'?' 



::!8/ 



•id): 



ooo. 



(iii. 



2.0 H, 



2.00 00 0 0v, ./ ----- 2 ? H;> O ------ 0:.:> 100. 2.5 5 :210 sir. J .1 7 

U ' ' >! - s .S - / >, 

» ( t U * > ( (> S * - \Y) UU 

Mi > 02 8 !2f.S 08. isO.O 00 0 9.0 08 / sn » 

> e , , , s ! v s 

O I N ^ " . 

t > . 1 i \ . > i « \ \ > \ 

! t 1 1 ' 1 >jl ' < 1 1st I < X.I !t ( t* 



> '< - * > M '.t s \ 

> M i * ) .is 
Oxalate Sail of rCyt.fopi-opyt 4- {2-m»pbtIiy'0- 1.2,3.6- 

Jt-«r.»lndti»p%tnlnu- i «0 !h u ,..<s . > . • • s( til- ■< .< 

tnm- M i i v . it .(i<s-,. -i'< 

i i fi - i > 

( i H s 

t, i s r " f 

>>> '5 m . ^ xif'On 

</-.} d , i XI'!, 

120 i 123 2 123. Q \li> • 51 i B2 ; ~ 7 25.0 02 CO i;> 
\l 10ov(V ^ <i, s , t itit'O >nh 

m, rm mi o;o; ovn. \25). us yi). m m. 08 (ot). c,i 

' n 5 i O' NjuO A. II. 

NOO! 02 H, NO 

Oxalat*' s.iH t>S I -cvclopropvi-.J -?4 plseoyipli^m-i)- 1 ,2,3,8 

I t! vOifif! i 'Ofi 



. n i- 



40.2 



04, . 



4 U9j 



' , x 112 a 05. i<-)! o>2>. S2 am), m m-. uv 

\! O x \ \ t \ 

i i t 1 Frot:* h« .< •> < ' » < 1 s >< 0 rt 
p^i(«1)»<> O^dLiie S<iSts 

d li, < 1 s < \ OS K < > H 



2 X2 



;:-=2;H : 



5 i ! 11 i, ./-ss 5.8 

U/> 2 67 . It \Xs 

Ot^ ^ i> >' x- 5 50 K'Or !.,)) 

m.l. 5 26.5. 5 2073. 158.2. 503. < i 37.8. o 4,2: CC f. v 

5 ' !1 XX , ^ < i „ s u 27 t {58: t P 0 >0 

!8 s v 5 

f.-XO: 5 ^ < i > t i \» x < x * 0 

> 0. ,* ' < ! 1 u , | - . i , ■ n!- . m ' ! ' t 

<< .j \h\ 0 t \( « s •« ' * 



mm 



and i 

L.avoi.s!»r ( ^i nvxhsa ;.o S, Mabie 
References 

i >< , I , ! > i 



Vi i • H ,\ 

OxasAite saM <»f t < y< k>s>ropyl M^1>h^o^yi s >he»yb 
ktuiintliiipMi '< < 'm ' \ > u 

> ' * , \\ 

\AO < ' ! < s 

'! Hi s PM,t, / 

^ ' A ' ' .! - , * i 

: A; NMR A;M80-Ao a UAA.A Hi.;. H0.2. 139.? KioAi 

H>((t u-> - - n 1 1 * v, tyo 



S.n/Y»x- Stu<!»: 



»tio« of MAO -A 



sv. : : . aaaa. isas. aa. -aaa 

\\ i uwfe ;< \: s ■ o. tv ; ncM \ ■ stn 

S ( OWO^OSAv v.v iO:?S<? A v.O!lUfC<tfK.« 

J't«S 



f i 1 < ! W )ftf 'Mi 

It V \ < > 

><! the V A priOo.ioAo:; so Ao- s grodiem: ioiAAc:;! Ion 

step. <^ . >!>?'"> K 
preparations. 

In preomm;ov sAaocs. kooAso;;-> o; J bo oxobAo s,.:Ars i th>; 

, B. K ! H.is . 

s^uhW biiif-v p ? h ^ , < * v^-m"^^) f A 20 

S V V > i . 



AA !:■; ,i>. pojo-> A ii.s 
* fhs; ifssmosHwin*- 



;oAo. A K ; Anrii.^on. \ : RAwAA 



MiUsm, ■ r ;;o - a 



L id) 



0:A : . 



stepOaK- boffor U 00 v.-M. p.H - 

<\r \ 

. h. f if f f AA-dbmb'Opvrbbo 



A.A'. 



; 2 HO 



of A;o 



i I:, 



'Ht't SO < ^ i;: U;% DMSO Obosp^au: bailor 

!ri!x«! < . f < M v \ MAO-E. » 

h< s t itc \ Kit -\ 

ft i f u v ' 

ii Ia. titi 20 ;ribi osi*:0 :o o xuopio ( fjvi- te oori: ;si: 

40f} < < t i > ^ ... ! ^ i 

\ s > - OA )M) 

in <.;:Ahno Si h«sphA!< 



of S 



psA;" 



> , ^ , , , 



Acknowtedgmen t, Tfite sukIv was supixsrUKl by iha 

X ! ! !-,!!.. N< I i o t A A! ! A!P 

; A-,o; a,-,, : ;l o Si foko (MS 28792). JbA fiarv«y VV. }'-Va;oa 



AA 1 



r?xf . 



: lOoo.A. A 5 : !: r fis«- <^oU:.> ... :;»( ;>f wivii-.ir.ii y. A.oA;ds. . AA?. 
! AH . ■ ' s 
v ^ , > 

< ,< < < , < . .A 

iyAinpvi i o-s ./ Mcxi 

) w i ; - s a i , • $ > ^ , „,!« r \ 

v V Al'- ^ N f^ o , , < 1 « 

S! I \l l\ ' t'! ! A) 



:oA. 



m. TcKitaffen of yrrp c 

pY'AiiAiA . ;!o;A;.as Ov !0:>!"jo:i:soo oxAAv A;;;A;.7;i 
Ai<)A 



4< 



- > vm - \ • 

>! 1 <^f { I'? i Mli ! »M> 

!>>Mi , i > , < !, ■, f < < - , , 

> < ! < , M , ■ 

<f» ;M<;Si".;wsi.:'>rt <•? the •'iApftmi^rsie f^ufOtf^ift N ■■Kl^iVyi -S ■ Stewart ,i. J P. S««»tempSffcs* i ! J t ^hiN;! 

;;h>:s;vi > :<:i::»;K;:':>fv:' :: i..'!f {'M P 'S S n . ./. ' ' <:.•-.•■;;.>.•.;;'. • /;> ; .<:; ; ,i>^:v;^«!^i, ; -;:;;.-v .■ v; i.ij.Kmvi K ■■ 

$<s \ S! 
i < " 1 i * i- K ; ■ s - ^ 1 ^ > \ i ! v i s < 

^■>< f S - M * , ,!»<<!(( ! Vit * - 1 

':>•><! A ;!:'!>! B. Afrh. «•>! A '.hratAi^h dis-vus^ivn ui'vha a^t.urjjAitXjft ; : ^ ; >-i i:ttui;*t 

. , , - tf , . 



i:\-:Svn-S:::\-;iiH<>-;-- >t.-: !v<->k«.: A <>■:!!:.«! ;■?;;<;<;! ( f !■:«!:;■;■;> < ;; tt: 



Mi! y.h;.«>. Z.. D;>ivit>. 0.. Ni* 

i: ik-si;>. SV«Sh«H : 
V in;*-:-: S -J< ; ^?:vl i.^ :. : 



